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ABSTRACT 
The present study was undertaken to examine the behav-
ior of the mandibular plane during and post-orthodontic 
treatment, as well as its relation to the stability of the 
incisor segment of the dentition. Forty-four cases were 
selected from the files of the Department of Orthodontics, 
Boston University School of Graduate Dentistry. Case selec-
tion was based solely on the availability of pre-treatment 
and post-treatment complete records. A new set of records 
was taken at least one year after band removal to represent 
the retention period. Three cephalograms were traced for 
each patient. Angular and linear measurements were taken, 
and the data were analyzed statistically. 
Clockwise rotation of the mandible after treatment was 
apparent in the majority of the patients. Downward and 
backward movement of pogonion was observed, associated with 
-
mandibular rotation. The recovery of the mandible during 
retention was not complete. No significant difference could 
be observed between the extraction and non-extraction groups. 
There was a tendency, nevertheless, for the mandibular 
plane to remain more stable in the extraction group. A weak 
association was found between overjet decrease and mandibu-
lar plane flattening during retention. A great variation 
in the behavior of the lower incisors was observed during 
treatment. A tendency for the lower incisors to return to 
their original position was found in those cases in which 
.its procumbency was increased during treatment. This tenden-
cy was not observed when the axial inclination of the in-
cisors was decreased 
• 
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INTRODUCTION 
Orthodontic therapy involves the achievement of _an 
; 
ideal class I skeletodental occlusion, and a stable end 
result. 
Many factors are related to attaining these objectives. 
One, concerns the behavior of the mandibular plane and pogon-
. ion, which in growing individuals tends to rotate forward 
in such a manner that pogonion is carried forward, the skele-
tal profile straightens, and the lower face height decreases 
(77, 78, 86, 90. 92, 93, 95, 96, 97). These changes tend to 
reduce any convex skeletal discrepancy. 
For this reason several authors contend that treatment 
procedures should encourage if possible this counterclock-
wise rotation of the mandible (28, 30, 84, 92, 93). 
As a corollary treatment procedures which produce oppo-
, 
site effects (such as clockwise rotation) are contraindi-
cated. These include the use of cervical traction gears, 
class II elastics, or any other type mechanics causing molar 
extrusipn. Since molar extrusion may presumably produce a 
clockwise rotation of the mandible which in some class I 
and certainly in most class II malocclusions in highly un-
desirable (78, 81, 82, 83, 84, 85, 43, 86, 87, 88, 92, 93). 
·This increase in angulation during treatment may ad-
8 
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ditionally be related to the post-treatment stability of 
the procedure. Since there is speculation that clockwise 
rotational changes during treatment tend to return during 
retention (83, 88), one might question the effect that this 
return might have on the position of the lower incisors and 
on the overbite and overjet correction. 
-
· Whether orthodontically induced skeletal changes, such 
as mandibular plane rotation, will remain stable, or whether 
the basic growth pattern of the individual will predominate 
still remains unanswered. 
The interrelationship between mandibular plane changes 
and the stability of the dentition has not been widely dis-
cussed in the literature. 
For this reason, the intent of the present investigation 
is to determine the behavior of the mandibular plane during 
orthodontic treatment and retention, and to document the 
effect that these changes might have on the incisor segment 
of the dentition . 
• 
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REVIEW OF THE LITERATURE 
The necessity of some form -of retention following 
. 
orthodontic therapy seems irrefutable throughout the litera-
ture, and this necessity appreciated since the existence of 
orthodontic care. Smith (3) in 1898 recognized the need of 
·bony remodeling by means of appliances placed after active 
orthodontic treatment; he believed that relapse would occur 
i£ 5uch appliances were not used or removed too soon. In 
1887, Edward Angle (4) commented "A retaining appliance 
should .hold the teeth so firmly that there will be no move-
ment to disturb or in any way interfere with the new bone 
£oTIDation. Absolute rest is essential to the most speedy and 
sa-tisfactory results." Hawley (5) in 1925 stated that some 
£onn of mechanical retention is necessary but it is impos-
slble to fix an accurate approximation of time necessary for 
th:i ·s retention. 
C1~cumoral Musculature 
Iloehn (6) has mentioned that considerable mandibular 
.anterior crowding occurs during the post retention period of 
tYeated Class II malocclusions. His explanation was that 
tTeatment had temporarily corrected the relationship of the 
aTches by mesial movement of the mandibular teeth out of 
10 
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muscle balance. Tully (7) stated in regard to lower incisor 
. 
crowding "I believe it is partly due to the restraining in-
fluence of the surrounding soft tissues." Recent studies 
(8, 9, 10) utilizing electronic transducers and electro-
-
myography were unable to demonstrate correlations between 
forces exerted on the teeth by perioral and lingual muscu-
lature and values reflecting the position of the teeth. Dur-
ing function there is " .... an imbalance of myometric forces 
acting on ·the dentition, the tongue exerting a much greater 
force than the perioral muscul~ture" (8). 
Marx (12) in a cephalometric and electromyographic study 
concluded that the resting position, the activity of the men-
talis muscle, and upper and lower lips did not influence the 
position of the incisors. Although he found that incisor 
proclination was associated with high levels of muscle ac-
tivity and retroclination was associated with relatively low 
levels of activity, he preferred to view lip activity as 
secondary to the position of the incisors. 
Reitan (13) states that equilibrium has its limitations, 
and that relapse will occur if the teeth are moved without 
regard to these limitations allowing the oral environment to 
place a net force on the teeth. 
Gianelly (14) reports that ''the criteria of muscle 
'balance' has not yet been defined," he agrees with the fact 
12 
-that muscle forces are obviously important in dental sta-
bility, however the ability of individuals to accomodate to 
altered tooth position may be quite variable. Recent investi-
gations suggest that due to the adaptability of the muscle, 
the tooth position does not depend (within limits) on the 
balance of opposing muscular forces, and if tooth position 
affects rather than "is affected" the function of perioral 
.musculature, it is difficult to suggest that musculature 
..would act~vely cause relapse of corrected teeth. 
Grosfeld (15) found that abnormal electric activity pat-
~erns became normal in the course of orthodontic treatment. 
Third Molars 
The influence of third molars as an ethiologic factor 
of post-treatment crowding is controversial. In .1917 Dewey 
(16) reported the third molars as a definite cause of crowd-
ing. Broadbent (17) stated that third molars will exert 
mesial forces in underdeveloped jaws when they become im-
pactedA Salzman (18) reported that in orthodontic cases where 
teeth were moved distally, the developing third molars may 
interfere with the new position of the second molar and its 
,eruption will induce mesial shifting of the rest of the arch. 
In a more recent study Sheneman (19) found more stability in 
patients with absence of third molars than in those with 
13 
third molars erupting or in occlusion. Ford (20) Vego (21) 
and Steadman (22) also found a higher degree of crowding in 
patients where the third molars were present. 
-
Numerous recent studies oppose the views of the above 
authors including Bergstrom and Jensen (23) and Glickman (24) 
who believe that the mesial forces causing crowding are 
caused 'by the cuspal anatomy, axial inclination, and path 
of £losure of the patient, rather than the presence or ab-
sence of the third molars. 
Fastlicht (25) found that the presence of third molars 
were not related to crowding of the lower incisors in treated 
patients. Shanley (26) found no significant difference be-
tween means of the crowding measured in the gro~ps of pa-
tients ·: bilateral impacted, erupted, and congenitally mis-
sing ~hird molars. 
Tooth to Apical Base Relation 
... 
~1mdstrom (27) in 1925 introduced a concept relating to 
oTthodontic stability, "A dental arch cannot be normal in 
£onn wiless there is a definite relation between the coronal 
and the apical curve." 
It was Tweed (28) who after retreating many of his pa-
~ien~s, gave to this concept a great impulse. He centered 
his attention on basal bone, believing that if the teeth 
were moved to positions where they were perfectly supported 
-14 
by ~heir osseous foundations, stability would be attained. 
Grieve (29) also gave great importance to positioning 
teeth upright over basal bone. He even extracted lower first 
molars to achieve this purpose. Strang (30, 31) as well advo-
cated placing teeth in such positions that they will have 
substantial basal support. 
Mesial Migration 
Phys~ol~gic mesial migration of the teeth has been re-
ported by numerous authors. Halderson, John and Moyers (32) 
say t.hat the teeth migrate mesially because of "vectors of 
contraction of the tongue and buccal wall musculature are 
11tesia·1 "in direction." Schaefer (33) in a cephalometric study 
0£ £0Tty-seven individuals, starting when teeth first oc-
cluded and continued for eight years, found much variation 
in ±he axial inclination of the teeth, and concluded that 
±heTe was an absence of a definite pattern change in the 
inc1ination of the teeth during growth. 
~egg (34) compared the dentitions of prewhite Australian 
aboriginals with those of postwhite aboriginals, and he 
£o·tn1a a greater incidence of malocclusion in the postwhi te 
aboriginals subjected to the refined diets of occidental cul-
't•UTe., concluding that the unrelenting forces which are re-
sponsible for the migration of the teeth in the jaws also 
-15 
cause the malocclusions which he assumes to occur because of 
inadequate occlusal and interproximal attrition. 
Schneider and Sieber (35) in a histologic study from 
111ale cadavers found resting lines in the bone which indicated 
· the direction of movement. The lower teeth tended to move 
lingually while the uppers showed no definite trend. 
Glickman (24) believes that there are mesial vectors of 
£orce acting on the dentition, related to cuspal anatomy, 
axial inclination and path of closure. 
lntercanine Width 
'"The width as measured across from one canine to the 
1other in the mandibular denture is an accurate index to the 
musculature balance inherent to the individual, and dictates 
the limit of denture expansion in this area in treatment." 
With this statement, Strang (36) indicates that violating 
~he intercanine width will result in a collapse of the arch. 
OtheT authors agree with · this concept. McCauley (37) in 
1944, states that the bony support of the lower cuspids is 
wery exacting in positional limitations. Peak (38) reports 
tha~ expansion in the intercanine width in successful ortho-
doutic treatment is very limited, and adds, in a comparison 
0£ cuspid arch expansion in extraction and non-extraction 
groups, the possibility of more expansion in the extraction 
group. 
-16 
Steadman (39) reiterates these findings and states that 
the ultimate intercanine dimension will be established ac-
cording to the dictates of the balance of forces produced by 
the muscles, function and growth. 
Other authors (40, 41, 42, 43) report similar findings. 
Few investigators report being able to maintain increases in 
mandibular intercanine width. Walters (44) in a study of 102 
patients concludes that "the statement that the dental arch 
cannot be .permanently widened or lengthened is incorrect." 
-His period of retention was from twelve months to thirteen 
years with an average of two and one-half years. 
Growth 
Growth is another variable to assess in a study of ortho-
dontic relapse. It was Tweed's classification o~ facial 
growth trends that made the knowledge of growth directly ap-
plicable to clinical orthodontics. 
Tweed (45) classified facial growth trends as Type A, 
Type Band Type C. In a Type A growth trend the middle and 
. 
lower face are growing forward and downward in unison; prog-
nosis for improvement ~n facial esthetics is good in these 
cases~ mandibular incisors tend to remain stable, free from 
crowding because there is no conflict between maxillary and 
mandibular incisors. 
When the middle face is growing forward more rapidly 
-17 
than the lower face, Tweed calls it Type B growth trend; the 
prognosis for improvement in facial esthetics is fair to 
poor, however, the mandibular incisors will remain stable. 
When the lower face is growing downward and forward rapidly 
than the middle face the growth trend is Type C. Prognosis 
for improvement of facial esthetics is good; however, in 
this case the prognosis for the maintenance of the alignment 
of the lower incisors is poor. 
Gianelly (46) states that during growth the mandible 
moves in space in three general directions-downward and 
forward, downward, or downward and backward. Downward and 
forward movement, particularly if it is in excess of compar-
able maxillary movement, can presumably result in lower in-
cisor crowding and a tendency toward a Class III occlusal 
relationship. Since no overjet is present after treatment 
the mandibular incisor teeth cannot move downward and forward 
to a greater extent than the maxillary teeth because their 
movement is impeded by the maxillary dentition. Maj and 
Luzi (47) studied growth of the mandible from the standpoint 
of prediction of the amount of growth which would occur in 
an individual from nine to thirteen years of age. They found 
. 
that the increase in size of the mandible from nine to thir-
teen years is greater in the female than in the male; man-
dibular growth is not smooth, it grows in spurts; the direc-
-18 
tion of condylar growth does not follow a straight path in 
most cases, but varies in direction at different age levels. 
The mandibular growth increments are not closely related to 
those in the whole body height. 
Harris (48) has noted that mandibular growth is variable 
fTom individual to individual. Periods of acceleration and 
retardation of growth rate were described: a) rapid deceler-
ation of growth during the early years of life, b) gradual 
acceleration of growth in early childhood ending in a pla-
teau, c) a preadolescent period of deceleration of growth, 
and d) an adolescent growth spurt. The mean annual growth 
incTement in mandibular length for females ranged from 1.07 
to 4.5 mm. while for males the annual increment ranged from 
1.68 to 6.69 mm. 
Brodie (49) in a cephalometric study, states that the 
late stages of growth have been shown to be accompanied by 
a continuation of forward and downward movement of the An-
' 
terior Nasal Spine and of Pogonion, while the dental arch and 
its supporting bone tends to move more slowly, and thus, 
drop behind. This decreases the prominence of the denture; 
such behavior is not necessarily accompanied by a more up-
right position of the incisors, and these teeth may become 
less procumbent, more procumbent or remain in their original 
axial inclination. 
• 
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Buchner (SO) found that variation in structural rela-
tions make it difficult to consistently move teeth to pre-
conceived positions of normalcy. The forces dictated by 
growth, structural relations and muscle function will ulti-
mately alter the result in the post-reterition period. Tooth 
position and inclinations are affected quite extensively by 
the distribution and amount of growth. Growth studies by 
Baume, Graber, and Downs (51) have noted patterns of matur-
ation among males and females. Between the ages of eleven 
and thirteen, the craniofacial pattern of the female is 
essentially that of an adult; however, the one of the male 
may not reach this stage until several years later. Maturity 
of the male face is characterized by greater changes than 
the female's, resulting in a straighter profile and more 
retrusive denture. 
In a study of the influence of orthodontic treatment on 
facial growth, Ricketts (52) states that the directional or 
developmental behavior of the chin could be influenced by 
• 
• 
treatment techniques to some degree, and that these were 
controlled by the orthodontist but the underlying basic pat-
tern still predominated. 
Occlusion and Occlusal Adjustment 
"We must have the proper occlusion in order to get the 
20 
. 
teeth to remain where we want them." This statement by Dewey 
(53) is representative of another school of thought relating 
to occlus~l stability post-orthodontic treatment. Ottol~ngui 
(54) as well stated that 
there is but one position into which each 
tooth must be placed, there is but one re-
lation of direction which each tooth must 
bear to its socket and there is but one 
occlusal relation that each tooth must have 
with its antagonists that will result in 
functional occlusion. Probably no possible 
effort of the orthodontist could attain this 
· result in a large majority of cases. 
McCauley (55) says that ''our case is not ready for re-
tention until all of the upper and lower teeth function to-
gether in the most mutually advantageous manner." 
Similar statements were made by Schuyler (56, 57), Heim-
lich (58), Jones (59), and Glickman (60), who states that 
orthodontic therapy is not complete when the teeth are in 
·their desired positions unless they are functioning as to 
, 
fulfill the requirements of the periodontal tissue; the oc-
clusion should be adjusted before the teeth are placed under 
retention because injurious occlusal forces interfere with 
the maturation of bone and the stabilization of tooth posi-
tion and may defeat the purpose of the retention period. 
In a study of ten randomly selected cases after ortho-
dontic treatment, Heide and Thorpe (61) found primary points 
of contact in centric in every case. Lateral mandibular move-
• 
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ments evidenced lack of proper distribution of functional 
stress in working positions due to cuspal interferences in 
either working or balancing sides, they state that "equili-
bration cannot be a substitute for proper orthodontic cor-
rection, but must be utilized as a necessary adjunct." Simi-
larly, Ramfjord and Ash (62) suggest occlusal adjustment 
following orthodontic treatment. Gianelly (63) speculates 
with the fact that intercuspation is not a principal re-
straining ~orce simply because teeth are freed from an inter-
cuspated position for at least 90% of the time, and the abil-
ity of intercuspation to counteract any "forces" which pro-
duce relapse might be relatively ineffective. On the other 
hand, a prevalent view in periodontics suggests that the 
inclined planes and cusp to fossa relationship will maintain 
the buccolingual, vertical and mesiodistal position of the 
teeth. Therefore, in a compromise interpretation, Gianelly 
states that "intercuspation may preserve the positions of the 
... 
teeth as long as other stronger forces are not present." 
Beriodontal Ligament and Supraalveolar Fibers 
The fibers of the periodontal ligament during rotation 
of teeth have been studied by several investigators. They 
agree that complete rearrangement will occur in a relatively 
short period of time. Reitan (64, 65) found that the princi-
22 
pal fibers will rearrange after a period of eight to nine 
weeks. Boese (66) found two distinct periods of relapse, the 
first one caused by the principal fibers with a duration of 
eight weeks. Brain (67) in an experiment in dogs found re-
arrangement in 192 days. 
The supraalveolar collagen fibers are morphologically 
similar to the principal fibers of the ligament (68). 
,• Histologic changes in the supraalveolar fibers, and the 
effect of fiber dissection of orthodontically rotated teeth 
has been discussed by various authors. 
Thompson (69, 70) found that bone is deposited and re-
sorbed easier than collagenous connective tissue fibers which 
are relatively inert; fibers would tend to maintain the orig-
inal position of the tooth when ~he fibers were formed and 
to resist any change. He presumes that gingivectomy might 
r~lease this tension in the fibers and new fibers will form 
without tension, eliminating the 'tendency of relapse; in a 
... 
later study (70) in monkeys, he concluded that removal of 
connective tissue fibers may reduce the percentage of relapse. 
Reitan (64, 65) found in orthodontically rotated teeth 
in dogs that ging~val fibers in supraalveolar tissue were 
markedly stretched and displaced, even after a retention per-
iod of 232 days, and he concluded that tension of the dis-
placed gingival fibers is the primary cause of relapse of 
. 
' . 
. . .. .. . . \ .. 
• 
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. 
a rotated tooth. Significant reduction in the incidence of 
relapse following surgical transection of the supraalveolar 
fibers was found by Wiser (71) ,· Schultz (72), Brain (67), 
and Crum (73) who states that "the circumferential gingival 
fiber cut, together with an adequate period of retention is 
a successful approach to reduce postretention tooth rotation 
in the human orthodontic patient." Edwards (74, 75) made 
tatoo marks on the attached and free gingival mucosa on six-
teen rotated teeth in twelve patients; he then corrected the 
rotations orthodontically and found that the tatoo marks 
deviated consistently with the amount of rotation. After 
this correction and eight weeks of retention, a surgical 
procedure was performed going into the depth of the sulcus 
and severing all fibrous attachments surrounding the tooth 
to a depth of approximately three mm. below the crest of 
'tpe alveolar bone; within twenty to £orty hours all tatoo 
marks were observed to be in the 'same vertical line. Neg-
... 
ligible rotational relapse occurred thereafter. 
Mandibular Plane 
Changes in the cant of the mandibular plane have been 
reported throughout the literature. These changes have been 
reported during growth, treatment, and some with the changes 
taking place after the termination of orthodontic treatment. 
In 1944 Wylie (76) found that the vertical dimension of 
24 
orthodontic patients with teeth in occlusion and in rest 
position was on the average less than that of the general 
population. ; 
Brodie (77) in a study of growth changes from eight to 
seventeen years found that the occlusal plane is stable in 
about one-half of the cases, but its behavior in the others 
leads to a decrease between it and the S-N plane, the mandib-
ular plane, sililarly shows no appreciable change in over 
half of the · cases. In a study of changes in the bony facial 
profile, coincident with treatment of Class II Division I 
malocclusion, Silverstein (78) in 1954 found a decrease in 
the mandibular plane angle with age; he reports as well that 
treatment inhibited this decrease and reversed the normal 
growth tendency in the female causing the M-P angle to in-
crease. 
Urban (79) in a report of five patients with Class II 
Division I malocclusion treated with headgear, found an aver-
age increase of 1.25 degrees between the mandibular plane 
and S-N; frqm pre-treatment to post-treatment the range was 
0 0 from -1 to 4. 
In a similar report Blueher (80) found that in six boys 
MP to SN increased a mean of 2.33°; in eight boys decreased 
a mean of 2.12° and the angle was unchanged in three boys. 
In the female group, MP-SN increased in ten girls (mean 
-25 
1.35°); it decreased in five (mean 1°), and was unchanged in 
two girls. 
Poulton (81) compared twen ·ty-nine mixed dentition pa-
tients, treated with cervical traction gear with a similar 
control, and reported an inhibition of forward maxillary 
growth and a slightly greater increase in lower face height 
in the treated group. Creekmore (82) states that the cant 
of the mandibular plane is subject to change, that it is 
increased by treatment, and that this change affects both 
the horizontal and the vertical position of the lower den-
ture. This increase is permanent unless there is post-treat-
ment growth of the condyles in excess of the vertical growth 
of the molars. Sandusky (83) reports a tendency for the 
Frankfort Horizontal Mandibular plane angle to open slightly 
during Kloehn type headgear therapy; there was a compensatory 
mean reduction at the completion of treatment. 
. . 
' 
Merrifield and Cross (84) report the effects of the 
Kloehn type headgear therapy: downward tipping of the palatal, 
occlusal, and mandibular planes. They found a direct rela-
tionship between the extrusion of the maxillary molars and 
the rotation of the mandibular plane-for each millimeter of 
extrusion of the maxillary molars there is a o.75° opening 
of the mandibular plane as related to the Frankfort Hori-
zontal Plane. 
• · .. 26 
Weislander and Buck (85) in a post-retention cephalo-
metric study of twenty-eight patients with Class II maloc-
clusions treated with cervical ~raction gears, conclude that 
the distal movement of the maxillary molars may affect the 
position of the mandible. The slight clockwise rotation of 
the lower jaw observed after treatment was noticeable to some 
. 
extent at the post-retention observation, with a steeper 
mandibular plane in the treated group than in the control 
group. There was, however, no statistically significant dif-
ference in the position of pogonion between the two groups. 
King (43) states that leveling teeth, and most types of 
Class II treatment cause dental extrusion. In non-growing 
patients the net effect of this extrusion was a downward 
tipping of the mandible and therefore a posterior movement 
of pogonion. However, with active growth the unfavorable 
side effects of the appliance apparently did exactly what 
growth would have done, and the mandible usually recovered 
its original position. 
In a study of mandibular rotation, Odegaard (86) reports 
that the degr~e of rotation of the mandible to SN was influ-
enced by treatment. An increase in treatment led to a reduc-
tion in the amount of anterior rotation of the mandible. 
There was a significant difference between sexes: boys ex-
perience a higher degree of anterior rotation thai girls. 
27 
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A report similar to that 6f Merrifield and Cross was 
~ 
made by Kuhn (87) where he states that several millimeters of 
posterior tooth eruption or depression are magnified at _pog-
onion; one millimeter of movement of the molars results in 
approximately three millimeters of rotation of the mandible 
measured at gnathion. Studies of changes of the mandibular 
plane during Begg treatment have been made by Williams (88) 
and Newman (89). 
Willia~s states that without treatment, the flatter the 
mandible, the greater is the tendency to become flatter dur-
ing the growth period. Pure Begg treatment during the growth 
period may inhibit the flattening process and temporarily 
countermand it. In cases of very steep mandibular planes, 
the post-treatment growth processes may not be adequate 
enough to compensate for the interruption of the flattening 
·p~ocess, and the inhibition may be permanent. 
Newman states that the use o~ Class II elastics in Class 
II and Class I bimaxillary protrusions with high mandibular 
plane angles causes tipping of the cant of the occlusal plane 
and f-MP increases during stage I; it will decrease in stage 
II but continuing in stage III it will increase again. 
In a serial cephalometric study of the growth of the 
facial profile, Lande (90) found that with growth the mandi-
ble tended to be more prognathic with a decrease of the in-
• 
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clinatian of the lower border of the mandible, regardless of 
facial type. 
Zingeser (91) in a study of the vertical response to 
Class II Division 1 therapy reports a marked posterior man-
dibular dento alveolar vertical development. Angular changes 
between the mandibular plane to the cranial base were minimal, 
suggesting the appreciable posterior dento alveolar vertical 
development accompanied by a commensurate vertical mandibular 
growth. 
Schudy (92, 93) states that if . the condylar growth is 
greater than the vertical growth in the molar area, the man-
dible rotates counterclockwise and the result is a more hori-
zontal change of the chin, and less increase in anterior 
facial height. Extremes of this condition cause closed bites; 
conversely, if vertical growth in the molar region is greater 
than that at the condyles, the mandible rotates clockwise, 
resulting in more anterior faciaf height and less horizontal 
change of the chin, producing open bites in the extreme. 
In a study of four hundred randomly selected malocclu-
sions, Schudy measured nineteen variables and concluded that 
increasing the mandibular plane angle is not reccomended be-
cause it will encourage a relapse of the corrected molar 
relation in Class II cases; Class II elastics are disastrous 
in MP-SN angles above 45° and OM (occluso-mandibular) is 
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above 25° the pull of the elastics causes elevation of the 
mandibular molars, this in turn causes point Band pogonion 
to rotate downward and backward resulting in an open bite 
and an increase, rather than a decrease of the ANB angle. 
Risinger and Gianelly (94) report decrease in the angle 
of the cant of the mandibular plane, using an appliance to 
open the bite anteriorly as a fulcrum and extraoral vertical 
elastics in monkeys. 
... 
Bjork · (95, 96, 97) states that 
from the standpoint of growth, the mandi-
ble may be regarded as a more or less un-
constrained bone for it may change its 
inclination in several ways; a critical 
factor in this respect is the site of the 
center of rotation, which may be located 
in the anterior or posterior ends of the 
bone or somewhere in between in which case 
the ends of the mandible swing in different 
directions, suggesting that the center of 
rotation may not necessarily lie at the 
temporomandibMlar joints as is usually 
imagined. 
Bjork reports three types of forward (counter-clockwise) 
Iotations, the first with the center of rotation at the joint, 
Tesulting in a deep bite, a second with the center located 
at the incisal edges of the lower anterior teeth due to the 
combination of marked development of . the posterior face height 
and normal increase in the anterior height, the eruption of 
the molars keeps pace with the rotation. Because of the 
simultaneous marked resorption below the gonial angle, the 
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height in this region may not increase to a great extent. 
The third type of forward rotation has its center at the 
level of the bicuspids. In this type of rotation the anter-
ior face height becomes underdeveloped when the posterior 
face height increases, the dental arches are pressed into 
each other, and basal deep bite develops. 
-
Bjork also reports two types of backward rotators, which 
are less frequent than forward rotators. For Type I, the 
center of rotation lies in the temporomandibular joint; this 
is the case when the bite is ppened by orthodontic means, 
by a change in the intercuspation or by a bite-opening ap-
pliance, and results in an increase in the anterior face 
height, and possibly in an open bite. The second type of 
backward rotation occurs about a center situated at the most 
distal occluding molars; this occurs in connection with 
growth in the sagital direction at the mandibular condyles . 
. 
The symphysis is swung backward, and the chin is drawn back 
' 
below the face; basal open bite may develop. Bjork also re-
ports a decrease in the gonial angle, that was however com-
pensated for by resorptive modeling below the angulus of the 
mandible and periosteal growth below the syrnphysis; the 
anterior part of the chin in most cases was unaffected. At 
the lower border of the mandible about one-half of the ro-
tation is masked by a compensatory remodeling in this area; 
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at ~he posterior border of the ramus about four-fifths of 
the mandibular rotation was masked by this remodeling. 
Conversely, with authors reporting counterclockwise 
:rotation as a result of orthodontic treatment (78, 79, 80, 
81, 82, 83, 84, 43, 86, 87, 88), investigators such as 
:Ringerberg, Butts, Wienberg, Kronman and Klein found no 
~ignificant changes between the treated groups and the con-
-:t~o1s. Klein (98) in an evaluation of patients treated with 
£ervical traction gear found that the occlusal plane measured 
to the mandibular plane decreased .s 0 only and in 50% no 
chan .ge was found. 
1n a study of the orthodontic influence upon anterior 
£acial height, Wienberg and Kronman (99) found no significant 
di£:ferences in proportion in the vertica _l plane between nor-
:mal and pre-treatment groups, the orthodontic correction of 
a ,ileep overbite did not alter significantly the proportion 
~£ 1ower £ace height to the total face height . 
.... 
Ringenberg and Butts (100) found no significant changes 
in ~he SN-GoGn angle in one arch treatment with cervical 
zraction headgears. 
MATERIALS AND METHODS 
The sample for this study consisted of forty-four pa-
tients chosen from the files of the Department of Ortho-
dontics, Boston University School of Graduate Dentistry. 
The criteria for the selection were as follows: 
1~ Complete pre-treatment records 
2 .. Complete final records 
3~ A period of at least one year after band removal 
41 The availability of the patients to return to the clinic 
for new records 
Other than these, the selection was random. 
The mean age of the sample at the initiation of treat-
ment was 12 years 0 months ranging from 8 years to 22 years. 
0£ the forty-four patients studied, twenty-nine were females 
and fifteen males; there were thirty-two extraction cases in 
-the sample, consisting mostly in the removal of four first 
bicuspids; the remaining twelve cases were treated in a non-
extraction basis. Twenty-two were classified as Class I malo-
cclusions, and twenty-two as Class II malocclusions. 
No distinction was made between techniques utilized or 
the type of retaining appliances used after band removal. 
~hree lateral headfilms were available on each patient; 
the time between the pre-treatment and post-treatment films 
ranged from 1 year to 4 ¥ears 6 months with the mean being 
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1 year 9 1nonths. 
Each cephalogram was traced, and measurements were made 
to the nearest .S degree, and .S millimeter, with a Baum 
Orthodontic protractor. 
The measurements made are as follows: 
1. The angle between S-N and point A 
2. The angle between S-N and point B 
3. The ANB angle 
4. The angle between S-N and pogonion 
S. The angle formed by the mandibular plane (Go-Gn) and S-N 
6. The angle formed by the occlusal plane and S-N (the oc-
clusal plane was drawn by bisecting the incisal overbite, 
and the vertical interdigitation of the molars) 
7. The angle formed by the occlusal plane and the mandibular 
plane 
8. The angle formed by the long axis of the lower incisor 
and the mandibular plane 
9~ The angle formed by the long axis of the lower incisor and 
S-N 
10. The angle formed by the long axis of the upper incisor and 
S-N 
11. The interincisal angle 
12. The overbite (measured in the cephalogram in millimeters) 
13. The overjet (measured in the cephalogram in millimeters) 
14. The gonal angle (formed by the mandibular plane and a line 
drawn from articulare to the posterior inferior border of 
the ramus) 
.. 15. The percentage of the lower face height as compared to the 
upper face height, and was obtained 
Nasion to Gnathion and divided by a 
anterir nasal spine, the lower face 
tance from ANS to Gn, and the upper 
to ANS. 
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by a line drawn from 
perpendicular to the 
height being the dis-
face height from N 
The recordings were tested at the Boston University 
Medical Center, Biostatistics Department, on an IBM 360 
computer. Means and standard deviations were calculated for 
each variable;paired t tests werealso calculated for the 
~hree stages of the study, and Pearson Product Moment Cor-
Telations (r) were obtained for the variables. 
FINDINGS 
Tables at the end of this paper illustrate the measure-
ments made for all the variables, and the statistical analy-
sis of these measurements. 
The Mandibular Plane Angle 
Treatment: 
Diverse changes occurred to the MP-SN angle during 
treatment, but for the most part they were relatively small. 
The pre-treatment measurements show a mean MP-SN angle 
of 37.88 with a standard deviation of 5.674°. The range was 
25° to 49°. 
The post-treatment measurements show a mean of 39.63 
with a standard deviation of 5.75°. The range was 28° to 
51°. 
Comparing the pre-treatment to the post-treatment 
measurement the mean difference is 1.75° with a standard 
deviation of 2.516°. The t value was 4.61 and P = .001. 
Thirty-two patients or 72.7% increased during treatment, 
eight patients or 18.18% decreased, and four or 9% remained 
the same. • 
The mean difference between the pre-treatment and post-
treatment measurements in males was 1.467° with a standard 
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deviation of 2.924°. The ra~ge was -4° to 6°. For females 
the mean difference was 1.897° with a standard deviation 
of 2.320°. The range was -5° to 6° and there was no signifi-
cant difference between males and females. 
Compari~g the extraction group with the non-extraction 
group: the mean difference in the extraction group was 
1.406° with a standard deviation of 2.280° and a range of 
-5° to 6°. In the non-extraction group the mean difference 
was 2.667 with a standard deviation of 1.923 8 and a range 
of Oto s0 • Comparing the two groups in a non-paired t 
test, the t value was 0.711 and it was not statistically 
significant. 
Retention: 
The post-retention measurements show a mean of 39.11, 
a standard deviation of 6.184° and a range from 26° to 48°. 
The mean difference between the post-treatment and post-
retention measurements was -0.5227° with a standard deviation 
of 2.14°. The t value was -1.65 and P = .01. The overall 
change had a mean of 1.2273° with a standard deviation of 
2.596°. The t value was 3.14 and P = .001. 
In males the mean difference between the post-treatment 
and pre-treatment records was -0.733° with a standard devi-
ation of 2.492°. The overall change had a mean of 0.733° with 
a standard deviation of 3.262°. ---
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In the female group the mean difference between the 
post-treatmen ~ and pre-treatment measurements was -0.414° 
with a standard deviation of 1.973°. The mean difference 
between the pre-treatment and post-retention records was 
1.483° with a standard deviation of 2.198°. 
In the extraction group the mean difference between 
post-treatment and post-retention measurements was -0.75° 
• 
with a standard deviation of 2.064°. Comparing the pre-treat-
ment and post-treatment measurements the mean difference was 
0.656 with a standard deviation of 2.28°. 
The mean difference in the non-extraction group during 
the retention period was 0.083 with a standard deviation of 
2.314°, and the overall change had a mean of 2.750° with a 
standard deviation of 2.864°. 
From the thirty-two patients in which MP-SN angle was 
, 
increased during treatment, twenty-six or 81% decreased, 
four or 12.5% kept increasing, and two or 6.2% remained the 
same during the retention period. 
From the eight patients that decreased during treatment, 
four or 50% increased, two or 25% kept decreasing, and two 
or 25% remained the same during retention. 
From pre-treatment to post-retention, twenty-six or 
59\ increased, ten or 22% decreased, and eight or 18% re -
mained the same. 
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Again the extraction and non-extraction groups were 
compared in a non-paired t test- from post-treatment to post-
retention and from pre-treatment to post-retention. The t 
value for the first was 1.024 and for the second 1.461, and 
neither one was statistically significant. 
Correlation coefficients were obtained, between the MP-
SN angle and nine of the variables for the three stages of 
the study and the results are listed in Table 2. The corre-
lation coe1ficients that were statistically sign 'ificant are 
as follows: 
During the retention period: 
SN-B where r = -0.6038, p - .001, r2 = . 3645 or 36% -
OP where r = 0.5644, p - .001, r2 = .3185 or 32% 
I to SN where r - -0.5513, p - .001, r2 - . 3039 or 30% 
OJ where r - 0.3426, p = .023, r2 - .1173 or 12% 
SN-Pog where r - -0.6250, p - .001, r2 - . 3906 or 39% -
.... 
From pre-treatment to post-retention: 
SN-B where r = -0.4290, p -- .004, r2 :I .184 or 18% 
SN-P~g where r - -0.4683, p - .001, r2 - .2193 or 22% 
I to SN where r = -0.3491, p - .02, r2 - .1218 or 12% 
During the treatment period: 
SN-B where r = -0.3649, P = .015, r 2 = .1331 or 13% 
SN-Pog where r = -0.5207, P = .001, r 2 = .2711 or 27% 
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The Lower Incisor 
Treatment: 
The pre-treatment measurements show a mean lower in-
cisor to MP angle of 91.13° with a standard deviation of 
7.48°. The range was from 79° to 106°. The post-treatment 
measurements show a mean of 90.75° with a standard deviation 
of 6.83°. The range was from 78° to 106°. 
The mean difference between the two is -0.38° with a 
standard deviation of 7.6°. In twenty-one patients or 47% 
the angle increased, while it decreased in twenty-three 
patients or 53% . 
. The mean difference between the pre-treatment and post-
treatment measurements in the extraction group was -0,75° 
with a standard deviation of 8.34°. The range was -19° to 
21°. In the non-extraction group the mean difference was 
0.58° with a standard deviation of 5.31°. The range was 
from -6° to 8°. 
From the thirty-two extraction cases, the lower incisor 
to MP angle increased in fifteen patients or 47% and decreased 
in seventeen patients or 53%. The mean increase was 5.8° 
and the mean decrease was -6.52°. 
From the twelve non-extraction cases, the angle increased 
in six patients or 50% and decreased in six patients or 50%. 
The mean increase was 5.8° and the mean decrease was -4°. 
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Retention: 
The .post-retention measurements show a mean lower in-
cisor to MP angle of 89.34° with a standard deviation o~ 
6.66°. The range was from 79° to 106°. 
-
The mean difference between the post-treatment and post-
Tetention measurements is -1.409° with a standard deviation 
0 of 4.99 . 
The overall change had a mean of -1.795° with a stan-
dard deviation of 7.754°. 
In the extraction group, the mean difference between 
the post-treatment and post-retention measurements was 
-1.719° with a standard deviation of 5.238°, and the mean 
difference between the pre-treatment and post-retention 
measurements was -2.469° with a standard deviation of 
0 8.45. 
, 
In the non-extraction group, the mean difference between 
the post-treatment and post-retention measurements was 0.5° 
' 
with a standard deviation of 2.236° and the overall change 
had a mean of o0 with a standard deviation of 5.36°. 
From the thirty-two extraction cases, the lower incisor 
• to MP angle increased during retention in seven patients or 
21.8%, decreased in twenty-one patients or 65.6%, and re-
mained the same in four patients or 12.5%. From pre-treat-
ment to post-retention in the extraction group, the angle 
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increased in thirteen patients or 40.6\ and it decreased in 
nineteen or 59.4%. 
-
In the non-extraction group, the angle increased during 
retention in five patients or 41.6% and it decreased in seven 
patients or 58.3%. From pre-treatment to post-retention the 
angle increased in seven patients or 58.3%, decreased in four 
patients or 33.3%, and remained the same in one patient or 
8.33%. 
For the entire sample the angle increased during re-
tention in twelve patients or 27.2%, decreased in twenty-
eight patients or 63%, and remained the same in four patients 
or 9%. From pre-treatment to post-retention the angle in-
creased in thirty patients or 45%, decreased in twenty-three 
patients or 52.27%, and remained the same in one patient or 
2.2,. 
Changes from pre-treatment to post-treatment were cor-
related to changes from post-treatment to post-retention in 
' 
the following: 
1. The extraction group (n = 32) 
• 
2. The non-extraction group (n = 12) 
3. The extraction cases in which the lower incisor to MP 
angle increased during treatment (n = 15) 
4. The extraction cases in which the angle decreased during 
t!eatment (n = 17) 
S. The non-extraction cases in which the angle decreased 
during treatment {n = 6) 
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6. The non-extraction cases • which the angle decreased in 
duri~g treatment (n = 6) 
. 7. All the which the angle increased during treat-cases in (n ment - 21) 
, 
8. All the • which the angle decreased during treat-cases 1n 
ment (n - 23) 
No statistically significant correlations were found 
for the above. 
Nevertheless, taking the entire sample (n = 44), a 
significant correlation coefficient was found r = -.298, 
P = .OS, and r 2 = .088 or 8%. 
• 
• 
DISCUSSION 
According to Holdaway (101), two of the most important 
factors in the treatment of convex skeletal patterns are: 
inhibition of growth centers related to forward growth of the 
maxilla, and alteration in orientation of apical bases 
through mandibular growth response, carrying the mandible to 
a more forward position. Both mechanisms tend to straighten 
the face and reduce the skeletal discrepancy. Several authors 
have reported anterior movement of pogonion and flattening 
of the mandibular plane with growth (77, 78, 86, 90, 92, 93, 
95, 96, 97). To cite an instance, DeKock, Knott and Meredith 
(102) observed this flattening in 95% of untreated individu-
als. 
The mandibular growth response apparently involves, 
at least in part, counterclockwise rotation of the mandibular 
plane as described by Bjork (95, ~6) and Merrifield and 
' Cross (84), suggesting that the mandibular plane flattens 
as the mandible is carried forward. 
In this study the behavior of the mandible suggests 
that this flattening process was reversed or detained by 
orthodontic therapy. Decrease in mandibular plane angulation 
was observed only in 18% of the total sample during treat- -
ment. A large majority of the patients in the study were 
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treated with headgears and/or Class II elastics. Possibly 
these type mechanics might have caused molar extrusion with 
the coincident clockwise rotation of the mandible as reported 
by a number of investigators (78, 81, 82, 83, 84, 85, 43, 
86, 87, 88, 92, 93). 
The sequellae of clockwise rotation would include a 
downward and backward movement of pogonion as reported by 
King (43), Merrifield and Cross (84), Kuhn (87), and 
Schudy (92, 93). In the three stages of this study (pre-
treatment, post-treatment, and post-retention)negative corre-
lation coefficients were found between pogonion and MP-SN 
angle (r = 0.52, r = -0.62, r = -0.46) which tends to sub-
stantiate the findings of these investigators. 
Increase in the vertical dimension, and more specific-
ally in the lower face height, coincident with orthodontic 
treatment as reported by Poulton (81), Creekmore (82), King 
(43) and Kuhn (87), was not found to be statistically sig-
nificant in this study. It must be noted that great vari-
ation was observed in the lower face height during the 
three stages of the study. 
Since the consequences of clockwise mandibular rotation 
are potentially deleterious particularly in convex facial 
disharmonies, many, such as Merrifield and Cross (84), sug-
gest that treatment procedures should encourage coun~erclock-
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wise rotation with the coincident flattening of the mandi-
ble. 
-
No statistically significant difference was apparent 
between the extraction and non-extraction group during either 
one of the stages of the study. It is interesting to ob-
serve nevertheless that in the extraction group, the man-
dibular plane angle increased less during treatment, and 
decreased during retention, while in the non-extraction group 
the increase during treatment was greater and no decrease was 
apparent during retention. One might speculate that the un-
favorable sequellae of mandibular clockwise rotation were 
less .permanent in the extraction group, because posterior 
teeth are protracted even in maximum anchorage cases (45). 
This "coming out of the wedge" might counteract some of the 
molar extrusion facilitating the possibility of mandibular 
flattening that seems to be inherent to the growth of the 
mandible in the untreated population. This would further 
justify the extraction of teeth in patients with high man-
. 
dibular plane and open bite cases (as defined by Isaacson 
• 
et al., (105)). 
The behavior of the mandibular plane after treatment is 
a contentious point. Sandusky (83) and Williams (88) found 
a co~pensatory mean reduction of the mandibular plane angle 
at the completion of treatment, suggesting that mandibular 
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clockwise rotation during treatment will predictably return 
to its original position during retention. On the other hand, 
Creekmore (82) and Schudy (92, 93) found a compensatory re-
duction in selected instances only. They speculated that this 
reduction might occur only when post-treatment growth in the 
condyles exceeded the vertical growth in the molar area. 
Similarly Wieslander and Buck (85) report that the slight 
clockwise rotation of the mandible observed after treatment 
was noticeable to some extent at the post-retention obser-
vation, with a steeper mandibular plane angle in the ortho-
dontically treated group than in the untreated control. A 
net increase of 1.2° from pre-treatment to post-retention 
was found in this study. No statistical difference was ob-
served between the post-treatment and post-retention measure-
ments, suggesting that the recovery of the mandible during 
retention was not significant. The data suggest nevertheless 
a tendency of the mandible to return to its original position 
(MP-SN angle decreased during retention in 81% of the thirty-
two patients in which it increased during treatment). It 
• 
would be interesting to study this sample after a longer 
period of retention to observe the long-range behavior of 
the mandible. 
- Post-treatment crowding of the lower incisors is some-
what of an enigma. Many explanations have been offered; for 
-48 
example, Tweed (45) suggests that a growth pattern in which 
the mandible is carried forward in excess of comparable max-
illary movement (Type C growth trend), and where no overjet 
is present, forward movement of the lower incisor teeth is 
impeded by the maxillary incisors and crowding might occur. 
This phenomenon might be associated to the positive corre-
lation coefficient found in this study between overjet and 
MP-SN angle (r = 0.34) during retention, suggesting that the 
anticlockwise flattening of the mandible may be associated 
to overjet decrease during retention. By a similar analysis, 
it might be suggested that in a case in which the mandibular 
plane angle increased during treatment and no overjet was 
present at the end of it, crowding of the lower incisor teeth 
might occur during retention as a result of mandibular for-
ward recovery. 
Proper axial inclination of the incisor teeth has been 
• 
~tressed in the orthodontic literature as an important factor 
in stability. Great variation was observed in the inclination 
of the lower incisor during the three stages of the study. 
When lingual movement of the incisors was produced during 
• 
treatment, minor or no changes toward the original inclina-
tion were noted. This may relate to Tweed's (48) concept of 
stability suggesting that placing teeth upright, where they 
would be supported by their osseous foundations, would at-
. , 
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tain stability. 
Incre~se in the angulation of the lower incisor to the 
mandibular plane was observed in so~e of the patients during 
treatment. The data of the study reveal a tendency for the 
lower incisors to return to their original axial inclina-
tions. However, further analysis of the behavior of the 
lower incisor suggest suggests that two different categories 
of return .were present. First, the cases where increases in 
angulation were large (>4°) were where the greatest relapse 
was noted, and a second category, where the increases during 
treatment were relatively small (<4°), relapse during re-
tention was minimal or none at all. 
It might be assumed that one of the factors involved in 
the large return of the lower incisor is the labial muscu-
lature. Reitan (13) reports that relapse will occur when 
teeth are moved without regard to the . limitations imposed 
by the circumoral musculature. These limitations have not 
been clearly defined in the orthodontic literature, nor has 
the concept of muscle balance. 
Assuming that muscle will produce a net force on the 
anterior segment of the dentition, in those cases where the 
increases in angulation were large we may also assume that 
a certain degree of muscle adaptability may occur for minor 
anterior position of the lower incisors (14). As mentioned 
so 
above, the concept of balance and limits of the musculature 
are not fully understood; it might be safer therefore not 
to expand the incisor region an~eriorly, since empirica~ly 
this movement may relapse. 
The relapse of the lower incisor segment toward its 
original position might have an effect not only on the 
alignment of the mandibular arch, but also on the overbite 
correction. Simons and Joondeph (103) found increased over-
bite relapse during retention when the incisors were moved 
anteriorly during treatment. 
In the Orthodontic Clinic at Boston University, the 
criteria for selection of non-extraction patients is such 
that the lower arch should be orthodontically acceptable 
before treatment, and hopefully no anterior positioning of 
the lower incisors will occur during treatment (unless it 
·is therapeutically desirable; one instance of this would be 
, 
a Class II Division 2 malocclusion). 
' 
-
Leveling the Curve of Spee and banding might produce 
anterior movement of the incisors (as well as posterior 
movement of the molars) as reported by Mitchell and Capps 
(104). This might be an explanation for the surprising find-
ing of increased angulation of the lower incisor to the man-
dibular plane in twenty patients. 
Based on the above, the author strongly suggests that 
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treatment procedures should be oriented not to expand the 
incisor region anteriorly. Procedures such as those suggested 
by Tweed and Schudy (including Class III elastics during 
leveling) may be advisable. 
From the data of this study, can we assume that ex-
traction cases are more stable than non-extraction cases? 
It might be concluded that the post-treatment position of 
the mandible and the lower incisors in extraction cases 
appears to be more favorable, whereas the unfavorable re-
tention changes are less likely to occur. 
It is important to note the size discrepancy between the 
extraction group (n = 32) and the non-extraction group 
(n = 12). Further study of these interrelationships with a 
balanced extraction-non-extraction sample may lead to more 
positive findings. In an era where highly sophisticated 
mechanotherapy techniques and a wide understanding of the 
biologic bases of orthodontics make possible the achievement 
.... 
of excellent therapeutic results, extensive and accurate 
information related to stability and relapse become more 
important for the orthodontist. 
., 
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-SUMMARY AND CONCLUSIONS 
A gro ·up of forty- four cases were selected from the files 
of the Orthodontic Department, Boston University School of 
Graduate Dentistry, with the sole criteria for selection 
being the availability of complete records. A new set of 
records was taken after a post-treatment period of at least 
one year. The intention of the study was to evaluate the 
tTeatment · and post-treatment behavior of the mandible and 
the interrelationship between this behavior and the incisor 
setment of the dentition. 
Examination of the data revealed the following obser-
vations: 
1. Increase in the mandibular plane angle during treatment 
occurred in thirty-two of the forty-four patients studied . 
. 
Of these thirty-two, twenty-six patients (81%) showed a 
decrease in the mandibular plane angle during retention. 
2. The mandibular plane angle decreased in eight patients 
during treatment. Of these eight patients, the angle in-
creased in four, decreased in two, and remained the same 
in two during retention. 
3. A mean increase of 1.2 degrees in the mandibular plane 
angle was still apparent after the retention observation. 
4. No significatn difference was found between the male group 
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and the female group. 
S. No statistically significant difference could be observed 
between the extraction and non-extraction group. There was 
a tendency for the ~andibular plane, nevertheless, to re-
main more stable in the extraction group. 
6. Significant backward and downward movement of p~gonion 
associated with mandibular clockwise rotation was docu-
mented. 
7. A weak positive correlation coefficient was found between 
overjet and the mandibular plane angle. 
8. A great variation in the behavior of the lower incisor 
was observed. Increase in the angulation of the mandibular 
incisor to the mandibular plane was found in twenty-one 
patients while decrease was found in twenty-three pa-
tients during treatment. 
9~ The lower incisors that were moved lingually during treat-
ment appeared to remain relatfvely stable during reten-
tion. 
10. A tendency to return to their original position was ob-
served in -the mandibular incisors that were moved labially. 
Particularly when the increases were large during tieat-
ment, large returns were observed during retention. 
--
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• I TABLE 1 
. 
A Comparison of Change in the Variables During the Three Stages of the Study 
Pre-treatment 
p re-treatment p ost-treatment i p ost-retent on p i ost-retent on 
- - - t - - t - t 
X 8 X s dx 
value X s dx value dx value 
SNA 81.27 3.5 80.15 3.21 -1.11 -3.80 80.34 3.36 0.18 0.8 -0.93 -2.97 
SNB 76 3.74 76.13 3.6 0.13 0.62 76.52 3.5 0.38 1.95 0.52 2.6 
MP 
' 
37.88 5.6 39.63 5.7 1.75 4.61 39.11 6.18 -0.52 -1.62 1.22 3.14 
. 
OP 19.15 4.02 19.29 3.8 7 0.13 0.24 19.38 4.35 0.09 0.19 0.22 0.44 
MP-OP 18.68 5.8 20.63 4.8 1.95 3.29 19.43 5.6 -1.20 -3.09 0.15 1.14 
T-MP 91.13 7.4 90.75 6.83 -0.38 -0. 34 89.34 6.66 -1.4 -1.87 -1.79 -1.54 
. 
l SN 105.54 . 7. 72 98.45 8.13 -7.09 -5.38 99.38 7.65 0.93 1.71 -6.15 -5.19 
T-SN 50.2 7.3 50.4 6.97 0.2 0.2 51.04 6.83 0.63 0.86 0.84 0.81 
OB 3.5 2.19 1.8 1.12 -1.68 -5.59 2.43 1.22 0.61 3.84 -1.06 -3.71 
OJ 5.79 2.89 1.45 0.95 -4.34 -9.9 1.93 1.04 0.47 4.00 -3.86 -9.15 
Ganial ~ 129.3 6.57 129.1 6.9 -0.18 -0.55 129.2 6.9 0.04 0.13 -0.13 -0.29 
SN Pog 76.8 3.94 77.11 3.7 0.22 0.97 77.6 3.74 0.56 2.4 0.79 3.41 
LFH 56 2.57 56 2.67 -0.02 -0.09 56.29 2.42 0.29 1.73 0.27 0.99 
l to T 123.4 11.15 132 .47 9.13 9.0 5.31 132.5 9.3 0.04 0.06 9.06 5.90 
ANB 5.27 2.5 4.02 2.32 -1.25 -5.54 3.81 2.27 -0.2 -0.96 -1.45 -5.26 
TABLE 2 
Correlation Coefficients for MP-SN Angle 
vs. Other Selected Variables 
. 
Variable Treatment Retention 
Change Change . 
SN-B r = -0.3649 r - -0.6038 
·p 
- .015 p = .001 
OP r = 0.2376 r = 0.5644 
p 
.120 p - .001 -
T to MP r - -0.0915 r - 0.2078 -
p -
.555 p = .176 -
r to SN r = -0.1069 r = -0.5513 
p 
- .490 p = .001 
OB r - -0.0069 r = -0.2650 
p 
- .964 p - .082 
OJ r = -0.0342 r - 0.3426 
p 
- .826 p' = .023 
... 
SN-Pog r = -0.5207 r = -0.6250 
p -
.001 p - .001 -
LFH r = 0.1173 r - .094 
p -
.448 p - .544 -
ANB r = 0.0139 r - 0.1799 -
p 
- .929 p - .243 -
64 
-
Overall 
Change 
· r = -0.429 
p = 
.004 
r = 0.1947 
p 
- .215 
r = 0.0381 
p = .806 
r = -0.3491 
p 
- .02 
r = -0.1329 
p = . 39 
r = -0.0716 
p = .644 
r = -0.4683 
p 
- .001 
r = 0.2128 
p = .165 
r = -0.0315 
p 
- .839 
-TABLE 3 
A Comparison of the Extraction 
vs. the N·on-Extraction Group for the Mandibular Plane 
Extraction Non-Extraction t 
-X s -X .. s Value 
Treatment 1.406° 2.65° 2.041° 2.63° 0.711 
Retention 
-0.75° 2.063° .041° 2.35° 1.024 
Overall 0.531° 2.199° 2.083° 3.42° 1.461 
.. 
65 
-TABLE 4 
Mandibular Plane Changes During Treatment and Retention (in degrees) 
Pre-treatment 
37* 
40* 
40 
44 
37 
40 
40* 
40* 
44 
42 
34 
48 
35 
32 
40 
36 
34* 
37 
25 
25* 
30* 
44 
49 
40 
35* 
35 
Treatment Change 
+ 1 
+ 4 
+ 4 
- 2 
+ 1 
+ 2 
- 4 
+ 5 
+ 3 
+ 1 
0 
+ 2 
+ 3 
+ s 
+ 2 
+ 2 
0 
+ 6 
+ 4 
+s 
+ 3 
0 
+ 2 
+ 1 
+4 
+4 
66 
Retention Change 
- 3 
- 2 
0 
+1 
- 1 
0 
0 
+3 
- 1 
0 
+ 1 
- 2 
- 4 
+ 2 
- 1 
0 
+ 3 
- 3 
- 3 
- 2 
+ 4 
+ 1 
+ 2 
0 
- 1 
- 2 
Overall Change 
- 2 
+ 2 
+ 1 
- 1 
0 
+ 2 
- 4 
+ 8 
+ 2 
+ 1 
+ 1 
0 
- 1 
+ 7 
+ 1 
+ 2 
+ 3 
+ 3 
+ 1 
+ 3 
+ 7 
+ 1 
+ 4 
+ 1 
+ 3 
+ 2 
• 
-.TABLE 4 (cont.) 
Pre-treatment Treatment Change Retention Change Overall Change 
37 + 5 
- 2 + 3 
43* + 3 + 1 + 4 
32 
·- 4 
- 1 
- 5 
29 + 4 
- 7 
- 3 
43 
- s + 4 
- 1 
43 
·- 2 
- 1 
- 3 
45* 
-+ 3 
- 3 0 
39 
-+ 3 ...,. 2 + 1 
28 () + 1 + 1 
48 
-+ 1 
- 1 0 
41* 0 . +l + 1 
40 
-+ 6 
- 2 +4 
37 
-.2 + 2 0 
36 
·+ 1 
- 2 
- 1 
40 0 0 0 
33 
·+ .2 
- 2 0 
34* 
-+:1 
- 1 0 
35 
-1 
- 1 
- 2 
* Non-extraction cases 
67 
-TABLE 5 
Lower Incisor to MP Changes During Treatment and Retention (in degrees) 
Pre-treatment Treatment Change Retention Change Overall Change 
96* 
- 4 
- 3 
- 7 
85* 
- 2 + 2 0 
94 
- 1 
- 3 
- 4 
94 
- 4 
- 1 
- 5 
98 
- 7 
- 1 
- 8 
82 
- 4 + 2 
- 2 
90* 
- 3 
- 1 
- 4 
79* + 6 
- 1 + 5 
94 
- 8 
- 2 
-10 
91 
- 7 
- 2 
- 9 
79 + 1 + 2 + 3 
88 + 5 
- 1 + 4 
93 
- 3 
- 5 
- 8 
100 +2 
- 3 
- 1 
92 
- 3 + 4 + 1 
112 
-19 
- 4 -23 
" 
91* 
- 6 + 2 
- 4 
... 99 
-19 
- 1 -20 
95 
- 3 . 
- 4 
- 7 
94* + 8 + 4 +12 
95* 0 + 2 + 2 
91 + 2 
- 4 
- 2 
84 
- 3 0 
- 3 
88 
- 2 + 3 + 1 
87* + 5 
- 3 + 2 
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-TABLE 5 (cont.) 
Pre-treatment Treatment Change Retention Change Overall Change 
85 + 2 
- 1 + 1 
89 
- 9 + 3 - .6 
88* + 8 
-10 
- 2 
100 
-10 +11 + 1 
87 +10 . -15 
- 5 
95 
- 4 - 2 
- 6 
99 + 7 
-20 
-13 
i6* 
- 6 + 7 + 1 
92 + 4 
- 2 + 2 
85 +15 + 2 +17 
• 
69 +21 
- 4 +17 
106* 
- 3 - 4 
- 7 
93 
- 7 - 3 . -10 
86 +13 0 +13 
82 + 2 
- 4 - 2 
86 + 1 0 + 1 
95 + 1 0 + 1 
97* + 4 
- 2 + 2 
89 + 1 0 + 1 
* Non-extraction cases 
69 
